A simple and effective strategy for designing a fluorescent probe for bromate was described in this work. Organosilane modified carbon dots was prepared by pyrolysis of citric acid in N-(β-aminoethyl)-γ-aminopropyl methyldimethoxysilane solvent at , n = 9). The method was successfully applied to the determination of bromate in drinking water samples, and the recoveries were in the range of 96.3 -103.7%.
D r a f t

Carbon dots doped silica nanoparticles as fluorescent probe for determination of bromate in drinking water samples Introduction
Ozone is a strong oxidizing agent, which can oxidize organic and inorganic substances in water 1, 2 , and is commonly used as a disinfectant. Ozone reacts with bromide to produce bromate (BrO 3 -), a chemical listed as a carcinogen by the D r a f t
International Agency for Research on Cancer (IARC) and the United States
Environmental Protection Agency (EPA). 3, 4 This has become a widespread concern in the use of ozone for the treatment of drinking water. Therefore, the Environmental Protection Agency (EPA) of United States and the World Health Organization (WHO) limit a maximum allowable concentration of BrO 3 -in drinking water to 10 ng mL -1 . 5, 6 Detection and evaluation methods for the carcinogenic bromate have received much attention from researchers. A number of analytical methods have been developed for the analysis of bromate in water samples, such as ion chromatography (IC), 7, 8 ion chromatography-mass spectrometry (IC-MS), 9 and liquid chromatography-mass spectrometry (LC-MS). 10, 11 The official method used by EPA and ISO organizations in the United States is the ion chromatography (IC), which has a detection limit of 20.0 ng mL -1 . 8 These methods require expensive instruments, and in some cases, time-consuming sample pre-treatments were needed before analysis to improve the analytical sensitivity and selectivity. Recently, many 
Preparation of CDs doped silica nanoparticles
The CDs doped silica nanoparticles were prepared according to the previously reported method (Fig. 1) .
Synthesis of CDs: organosilane functionalized CDs were synthesized by the pyrolysis of 500 mg anhydrous citric acid in 10.0 mL AEAPMS at 230 o C for 3 min after the purification by petroleum ether, 10 mL of the obtained product was added to 40 mL ethanol for the next experiment.
Preparation of CDs doped silica nanoparticles: 700 µL each of TEOS and ammonia were mixed in 25 mL ethanol. Then, 0.30 mL of the CDs solution described D r a f t above was added and stirred for 24 h, at room temperature. After that, the reaction mixture was centrifuged and the supernatant was discarded. The remaining pellet of CDs doped silica nanoparticles were collected and washed three times with ethanol, and finally resuspended in ethanol with a concentration of 10 mg mL -1 .
Fluorescence spectra measurements
Two milliliters ( The difference in fluorescence intensities (∆F) = F 0 -F was then calculated.
Drinking water samples
All drinking water samples used for analysis were collected from the Henan University of Technology campus area. The drinking water samples were membranefiltered prior to use.
Results and discussion
Characterization of CDs doped silica nanoparticles
The organic silica modified CDs were prepared based on the reaction between the amine and carboxyl groups. As shown in Fig. 2 , the FT-IR spectra showed the typical signals arising from a C=ONR vibration at 1654 cm -1 (C=O) and 3456 cm -1
(N-H) in the reaction products, which confirmed the success of amidation reaction.
Moreover, peaks at 800 cm -1 and 1100 cm -1 could be attributed to the Si-O and Si-CH 2 stretching vibrations, respectively. The results indicated that CD-doped silica nanoparticles were successfully synthesized. In addition, the TEM images (Fig. 2) D r a f t
showed the average diameter of the CDs doped silica nanoparticles was ~ 200 nm.
Bromate-sensing mechanism of CDs doped silica nanoparticle
The fluorescence emission spectra of the CDs doped silica nanoparticle sensor (with and without bromate standard solutions) were shown in Fig. 3 . The CDs doped silica nanoparticles have the highest fluorescence emission peak at 460 nm when excited at 360 nm wavelength Fluorescence emission signals decrease with increasing concentrations of bromate which indicated that the fluorescence signals were quenched by bromate. This may be explained by the fact that the functional groups on the surface of the CDs were oxidized by bromate in acid medium, therefore, the electronic state of CDs were changed much which resulting in a great fluorescence quenching effect. And, the degree of fluorescence quenching has relationship with the concentration of bromate. The oxidation reaction could be expressed as follow:
. Finally, the difference in fluorescence emission intensity (∆F) has a linear relationship with bromate concentrations.
Optimum conditions for bromate-sensing
For sensing of bromate, acid medium, and reaction temperature and time on ∆F were investigated by a univariate approach.
Effect of acid medium
The effect of acid type on ∆F was investigated by using different types of acids (HCl, H 2 SO 4 , H 3 PO 4 ) according to the experimental method. The results shown in Fig. 4 indicated that the effect of HCl on ∆F was much larger than that of H 2 SO 4 and H 3 PO 4 . 
Effects of reaction temperature and time
The effects of temperature on ∆F is shown in Fig 6 (Left) , which showed that ∆F 
Effects of metal ion interference
The effects of potential metal ion interference on the bromate sensing system were investigated. In this experiment, solutions containing bromate (200 ng mL -1 ) and metal ions interferences were subjected to the chosen conditions described above (i.e.
acid medium, reaction time and temperature). The tolerance limits (of coexisting materials) is defined as the maximum concentration to achieve <10% variation of the fluorescence emission intensities, and are shown in 
Analytical performance
According to IUPAC definition, the detection limit (3σ) of this method was 1.1 ng mL -1 for BrO 3 -, the linear range was 8 -400 ng mL -1 , the linear regression equation
was ∆F = 0.9976C + 9.1375 (ng mL -1 ), the correlation coefficient was 0.9919, and the relative standard deviation (RSD) was 2.0% (c = 150 ng mL -1 , n=9).
Analysis of actual drinking water samples
In analysis of drinking water samples obtained from Henan University of Technology campus, the standard calibration curve was employed. The proposed method was successfully applied to determine Bromate, in different water samples.
The analytical results and recoveries for the spiking experiment are shown in Table 2 .
The recoveries were between 96.3% and 103.7%, indicating that the sensor has highly accuracy and precision, and high sensitivity. Compared with other reported non-chromatography analytical method for bromate, the method has a much lower detection limit [9] [10] [11] . When the CDs based analytical method for bromate is concerned, the method has a comparable linear range with much shorter analytical time [8] .
Conclusion
In this work, a sensitive fluorescence carbon dots-doped silica nanosensor was developed and tested for the detection of bromate in drinking water samples. This nanosensor has many advantages -it is a rapid analytical sensor, has good selectivity and high sensitivity, and it also has a wide linear response range. 
